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A phytosociological study was conducted as an initial 
assessment of the vegetation on ash disposal sites to 
determine the community structure of vegetation and 
how the communities were related based on their 
species composition and habitat characteristics. The 
Braun~Blanquet survey and data analysis method was 
used to identify and classify plant communities on ash 
disposal sites and an adjacent natural grassland. 
Releves were compiled in 113 survey plots. The 
TWINSPAN classification algorithm was used as first 
approximation and results were subsequently refined 
using Braun~Blanquet procedures. The DCA ordination 
technique was also used to determine the relationship 
between communities and whether gradients exist in 
the study area. aadiversity between communities are 
statistically compared using the Shannon diversity 
indices and species richness. The natural grassland 
sites, rehabilitated ash disposal sites and unrehabilitata 
ed ash disposal sites formed three separate communi~ 
ties. The two sub-communities that are described on 
rehabilitated ash disposal sites are distinguished main-
Introduction 
In many countries, coal-driven power stations are the main 
source of electriCity. Coal ash from these power plants also 
contributes substantially to industrial waste (Ash 1991). 
Coal driven power stations are also the main source of elec-
tricity in South Africa and during 1998 20-22 x 106 tons of 
coal ash was produced in the Highveld region of South 
Africa. An increasing population and larger dependency on 
low-grade coal wi ll also result in an increase in the amount 
of coal ash produced . In Eu rope and especially Britain, land 
is regarded as a scarce resource that must be handled wi th 
care (Bradshaw and Chadwick 1980) . The same attitude is 
expressed in the new South African Bill of Rights (South 
Africa 1996), which indicates that every person have the 
right to a healthy and unpolluted environment. 
The new National Environmen tal Act 107 of 1998 also 
requires from industries to investigate and assess the 
Iy with respect to age of rehabilitation and level of dis-
turbance. Community structure, on a variant level , is 
largely determined by different treatments (seed mix-
tures and soil preparations) that were used in the reha~ 
bilitation of the ash disposal sites. Plant communities 
on recently rehabilitated sites are similar to plant com~ 
munities on dumps of domestic refuse on some of the 
disposal sites. Based on the variants described, three 
homogenous areas on the old rehabilitated sites, which 
were rehabilitated more than three years ago, can be 
identified . Vegetation is relatively homogenous and 
variants are closely related . Differences in rehabilitation 
treatment, age of rehabilitation and man·made distur-
bances were some of the important factors determining 
the establishment of different communities on ash dis-
posal sites. Statistically significant differences are 
found in the diversity of vegetation studied on a com-
munity and variant level. Associations on the ash dis-
posal areas are strongly based on the dominance of 
particular species rather than specific indicator species. 
impacts of their activities on the environment, to prevent pol-
lution and to remedy the effects of pollution (South Africa 
1998). It is therefore required that derelict industrial areas be 
rehabilitated and that the success of those programs be 
assessed . 
As a strategy of ESKOM to minimise the impacts of their 
power stations on the environment, to facilitate the util isation 
of rehabilitated areas and to acquire closure certificates, a 
multidisciplinary study (botan ical and zoolog ical) was con-
ducted on ash disposal sites at one of their power stations. 
Because it is believed that a phytosociological approach is a 
prerequisite for descriptive and experimental stUdies of an 
area the present vegetation that existed on ash disposal 
sites were described and classified to reveal the community 
structure of the vegetation. A phytosociological study can 
also assist in ecological interpretation and hypothesis gen-
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eration during further quantitative studies. 
The fol lowing papers are examples where a phytosoclo· 
logical approach was used in studies on mine land . 
Community based analysis was used by Skousen et a/. 
(1994) in the United States to evaluale Ihe nalural vegela-
tion change on abandoned mined !and sites, while 
Palaniappan (1974) evaluated communities on tin mine tail-
ings near Kuala Lumpur, West Malaysia, using a phytosoci-
ological approach . Usui and Suzuki (1973) also used a phy-
tosociological approach to describe the ecology and prob-
lems associated with revegetated woodlands and grass-
lands on steep mountain slopes at a copper mine in Japan. 
In South Africa , Thatcher (1979) undertook a community-
based study of vegetation, established on gold mine slime 
dams of the Witwatersrand, but the data was obtained quan-
titatively. Phytosociology was used extensively by Kooij et al. 
(1990), Bezuidenhout (1993), Coetzee et a/. (1995) and var-
ious other researchers, to describe and classify the vegeta-
tion of the Grassland Biome in South Africa. These studies 
form a sound basis for the sustainable management of nat· 
ural grasslands in South Africa . Investigations of the vegeta· 
tion of disturbed areas in the Grassland Biome should use 
the studies in natural areas as comparison. The phytosocio-
logical approach was also used to describe and classify rud-
eral , semi-natural and natural vegetation of urban areas in 
two cities in the North Western Province (Van Wyk et al. 
1997, Cill iers and Bredenkamp 1999a, Cilliers and 
Bredenkamp 1999b). The concept of ruderal vegetation is 
similar to pioneer vegeta tion but with broader applicability. 
Grime (1979) defines ruderal vegetation as species that are 
able to grow in severely disturbed habitats. Although the 
concept was first applied to any disturbance including natu-
ral catastrophes, it has become synonymous with man-
made habitats. This is probably due to the large-scale effect 
of anthropogenic disturbances on vegetation (Cilliers and 
Bredenkamp 1999a). 
This and a second paper (Morgenthal et. al. 2001) will give 
a description of the vegetation regarding its composition and 
community structure. It is the aim of this paper to identify, 
claSSify and describe the plant communities occurring on 
parts of the ash disposal sites and surrounding natural 
grassland and to qualitatively correlate communities to habi-
tat variables. The second paper is aimed at describing the 
floristic composition and life form characteristics of ash dis-
posal sites in comparison to a nearby natural grassland 
(Morgenthal et al. 2001). Those studies could give important 
answers to plant community development after the initial 
rehabil itation effort. The phytosociological approach will also 
give a different dimension to the evaluation of the survey 
area because this approach is based on the total floristic 
composition. A more detailed floristic description of commu-
nities and rehabilitation stages would therefore be obtained. 
Study area 
The study was conducted at one of the power stations of 
ESKOM near Hendrina, Mpumalanga, South Africa 
(28' 03"00'S 29'33"40'E). The study sites consist of a series 
of four ash disposal sites or dams (Figure 1) and a fifth dam, 
which is under construction. Ash disposal site 1 is situated 
507 
nearest to the power station . Ash disposal sites 2 and 3 were 
consecutively built to the south of ash disposal site 1, bor-
dering each other by their southern and northern walls 
(Figure 1). Ash disposal site 4 is situated separately from 
ash disposal sites 1, 2 and 3 and was still in use when the 
study was conducted. Construction of a fifth dam between 
ash disposal sites 3 and 4 was started in late 1997. 
The ash disposal sites are bordered by a number of dif-
ferent land-use areas. The power station forms the northern 
boundary of the site, while the north-western boundary con-
sists of a railway line and a coal siding. During south ~east­
erly winds, coal dust is blown onto the north-western walls of 
the dam. Maize fields border the south western , southern, 
and parts of the eastern side of the ash disposal sites. The 
northveastern border of the ash disposal sites consists of 
rehabilitated open cast coal mines and severely disturbed 
and reclaimed areas resulting from those mining activities. 
Vegetation 
The study area is situated in the Grassland Blome 
(Rutherford and Westfall 1986). Acocks (1988) described it 
as part of the eastern variation of the Bankenveld (veld type 
61). Grass species of general occurrence include amongst 
others Tristachya /eucothrix, Eragrostis racemosa, 
Heteropogon contortus, Trachypogon spicatus, Digitaria tri-
cho/aenoides, Themeda triandra, Brachiaria serrata and 
EJionurus muticus. In the most recently produced vegetation 
map of South Africa, Lesotho and Swaziland the vegetation 
of the region is classified as part of the Moist Sandy 
Highveld Grassland (Bredenkamp and Van Rooyen 1996). 
The natural grassland that was studied as a reference point 
was the only remaining area not under cultivation and con-
sisted of species typical to the Bankenveld veld type 
(Acocks 1988). 
Climate 
Data obtained from meteorological measurements at Carolina 
(45km east of Hendrina Power Station; 1 690m a.s.l.) for the 
period 1994-1998 indicated average minimum and maxi-
mum temperatures of 7.7"C and 21.8°C respectively for the 
station (Figure 2). 
The weather station at the town Carolina had an average 
precipitation of 851 mm for the period 1994- 1998 (Figure 2). 
The highest average precipitation occurs during October to 
December. 
Rehabilitation history 
The surface of ash disposal sites 1, 2, 3 and 4 covers an 
area of approximately 215ha (GIS calculated). Ash disposal 
sites 1 and 3 have been rehabilitated to grasslands. Small 
areas of Acacia meamsii Woodland have also developed 
over the years. A part of ash disposal site 2 is a semi-wet-
land containing dense stands of Arundo donax and 
Pennisetum clandestinum. 
The plateau of ash disposal site 1 was revegetated in the 
1980's with Cortaderia jubata and Pennisetum clandeslinum 
(Treatment A; Table 1). During 1995 the Cortaderia jubala 
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Figure 1: Map of the ash disposal sites at Hendrina Power Station to indicate the position of the permanent survey grids (1-12) and the two 
control grids in the natural grassland. The inserted map Indicates the approximate geographical position of Hendrina Power Station in South 
Africa 
" 
,; 
2<) 
" 
" Temper 
" 
"' 
'C) 
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Oec 
Months 
"" 
"0 
160 
"" 
lempe<atu,. 
'" 
_MU lmum 
"" 
M,n,mum 
eo 
60 
" 
Precipita tion (mm) 
2<) 
Figure 2: Average minimum and maximum temperatures and pre-
cipitation at the town Carolina for the period 1994-1998 
plants were removed and a 50mm layer of topsoil was 
added (Treatment A; Table 1). In the rehabilitation process 
used, a mixture of topsoil and sub-soil originating from dif-
ferent soil depths were used. The soil that was used was 
probably from a soil form with a plinthic horizon (Soil 
Classification Work Group 1991 ), because the soil layer cur-
rently consists of numerous iron and manganese oxide con-
cretions. 
The second series of revegetation works were done at the 
start of the 1990 growing season on the plateau of ash dis-
posal site 3. The ash was ameliorated with a 50cm layer of 
topsoil and fertilised at 250kg/ha of super phosphate and 
200kg/ha of 4:3:4(30) with zinc fertil iser and 150kg/ha KAN 
(Potassium Ammonium Nitrate) . An area of 15ha was sown 
with a seed mixture of 16 species of grasses (Treatment B; 
Table 1). The remaining areas on the plateau of ash dispos-
al site 3 were rehabilitated during 1991-1992 with a similar 
treatment used during 1990 (Treatment B; Table 1). 
Most of the slopes of ash disposal sites 1 and 3 were 
rehabili tated during 1992 and 1994 (Treatment C; Table 1). 
The slopes of ash disposal sites were contoured and ame-
lioraled with a 8-10cm soil layer. A seed mixture of 12 
species similar to the seed mixture used during the 1990 
rehabilitation initiative was also used during 1992- 1994. 
Cynodon daelylon sods were also planted at regular inter-
vals (4m) along strips of 450mm wide for erosion control and 
stabilisation of the slopes. The topsoi l used, probably origi-
nated from soil of the Clovelly and Westleigh soil forms (Soil 
Classification Work Group 1991). 
The middle slope of ash disposal site 4 was rehabi litated 
during the 1996/1997 growing season (Treatment 0 ; Table 
1). The slopes of ash disposal site 4 were rehabili tated in a 
similar manner as the rehabilitation treatment of 1992 
(Treatment C, Table 1), but Penniselum clandeslinum sods 
were used instead of Cynodon daelylon. The topsoil used on 
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Table 1: Rehabilitation treatments on ash disposal sites at Hendrina Power Station 
Treatment A 1980 Trealment B: 1990-1991 
Species sown Pennisetum e/andes/mum Cenchros eilians 
except where sods 
otherwise Corlade"a Jubata Chlons gayana 
Indlcaled young planls 
Chlons Vlrgata 
Cynodon deely/on 
Digitana enantha 
Enneapogon cenchroides 
Eragrostls chloromelas 
Eragroslis cUfYula 
Eragrostls echinoehloidea 
Eragrostis lehmanniana 
Eragroslis tat 
Fmgerhufhie afne811a 
Hateropogon eontorlus 
Hyparrhent8 hirla 2 
Panicum maximum 1 
Themeda (riandra 0.5 
Topsoil 50mm Topsoil (1995) 50cm 
Fertilisation None Super Phosphale (10 5 %P) 
4:3:4 (30) Zn 
KAN 
the slopes of ash disposal site 4 originated from soil of the 
Hutton soi l form (Soil Classification Work Group 1991), on 
which maize has been planted. 
Methods 
The phytosociological study of ash disposal areas at the 
Hendrina Power Station was conducted during December 
1996 (35 sample plots), March 1997 (30 sample plots) and 
March 1998 (48 sample plots). The phytosociological study 
was conducted according to the Braun-Blanquet method 
(Mueller-Dombois and Ellenberg 1974 and Kent and Coker 
1994). In total, 11 3 re lev;,s distributed throug h space and 
time were sampled. Because ruderal communities are high-
ly dynamic, phytosociological studies were conducted over a 
period of two years to determine if described communities 
remained the same. Most releves were located in perma-
nen l survey grids (Figure 1) to determine the floristic rela-
tionship between plots. Further quantitative surveys were 
conducted in these permanent survey grids which consisted 
of three transects each. 
The TWINSPAN classification algorithm (Hill 1979a) was 
used to analyse phytosociological data, as first approxima-
lion . The TWINSPAN classification was refined further by 
application of Braun-Blanquet procedures (Mueller-Dombois 
and Ellenberg 1974 and Kent and Coker 1994) by means of 
the BBPC-program (Bezuidenhout et al. 1996). Plant asso-
cia tions were informally named by using the most prominent 
indicator and dominant species as names for associations. 
The DCA ordination algorithm (Hill 1979b) was also 
applied to the data set to illustrate possible noristic relation-
ships between communities, and to detect possible habitat 
or disturbance gradients associated wi th vegetation gradi-
ents. Because of the heterogeneity of the data set, a step-
wise ordination approach was conducted on the data 
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Treatment C 1992- 1994 KgJha Treatment 0 : 1996-1997 Kg/ha 
Chlons gayana 2 Chloris gayana 2 
Chtons virgala Eragros/Is let 3 
Cynodon daelylon 2 Eragros/ls eUfYula 3 
Dlgi/aria enanthe 2 Eragrostls lehmanniana 2 
Enneapogon eenehrOides 2 Enneapogon ce/Jchro/des 2 
Eragrostls chloromelas Eragroslis echmochloldea 1 
Eragroslls cUfYula 3 Themeda Inandra 2 
Eragros/Is echinochlo/dea Dlg/tana eriantha 2 
Eragrostis lehmanmana CynodotJ daely/on 
Eragroslls let 3 Pogonarlhna squarrosa 
Hyparrhema hlfta Panieum maximum 
Themeda Iriandra 
Cynodon daelylon sods Pennisetum clandeslmum sods 
8-1Ocm 10cm 
Super Phosphate (10.5 %P) 250 Super Phosphate (10 5 %P) 250 
4:3:4 (30) Zn 200 4.3.4 (30) Zn 200 
KAN 150 KAN 150 
accordi ng to Mucina and Van Tongeren (1989). Four ordina-
tion steps were condUcted on the data to clarify community 
structure. community-habitat relationships and to reduce 
heterogeneity of the data set. No down-weighting of rare 
species was attempted. Axes were rescaled four times (Ter 
Braak 1987-1992) according to the default in the CANOCO 
3.11 computer package (Ter Braak 1987- 1992). Scatter dia-
grams were redrawn from the solution file obtained from the 
CANOCO program. Taxon names conform to those in Arnold 
and De Wet (1993) . 
Midpoint values of the Braun-Blanquet cover-abundance 
classes (Mueller-Dombois and Ellenberg 1974) were used to 
analyse a-diversity according to the species richness and 
Shannon diversity indices (Kent and Coker 1994) of the dif-
ferent communities (Table 2). Shannon index values and 
evenness were calculated with the Multivariate Statistics 
Package (MVSP) computer program (Kovach 1983-1993) 
using a Ln conversion. Average species richness and 
Shannon diversity indices were statistically compared wi th 
the t-test for independent variables and ANOVA as well as 
with Tukey's tes t (Spjotvoll and Stoline 1973) for unequal 
populations at community, sub-community and variant level 
with the STATISTICA for Windows (1995) package. A Box-
Cox transformation was applied to species richness data 
(Box and Cox 1964) due to skewness (=1.567) in the data. 
The transformation procedure calcula ted lambda (A) values 
with which data can be transformed according to the equa-
tion : 
Y=(x' -1 )/1. ·HPj) 
Y = transformed value 
X = untransformed value 
H = geometric mean 
A = lamda 
The statistical significance of data was accepted at a p-value 
s 0.05. 
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Table 2: Midpoint values used to calculate a-diversity (Mueller-
Dombois and Ellenberg 1974) 
Braun-Blanquel scale Range of cover (%) Midpoint values 
5 75- 100 0.875 
4 50- 75 0.625 
3 50-25 0.375 
2B 25-12.5 0. 1875 
2A 5-12.5 0.0875 
1- 5 0.025 
+ <1 0.005 
«1 0 
Results 
The vegetation of the study area was classified into three 
communities . two sub-communities, six variants and two 
sub-variants (Table 3). 
1 
2 
2.1 
2.1.1 
2.1.2 
2.1.2.1 
2.1.2.2 
2.1.3 
2.2 
2.2.1 
2.2.2 
2.2.3 
3 
Brachiaria serrata-Setaria sphacelata Community 
Eragrostis curvula-Cynodon dactylon Community 
Hyparrhenia hirta-Eragrostis curvula Sub-community 
Chamaecrista biensis Variant 
Lespedeza cunea/a-Hyparrhenia hilta Variant 
Stylosanthes fruticosa-Cynodon dactylon Sub-variant 
Acacia mearnsii Sub-variant 
Lepidium bonariense-Eragrostis trichophora Variant 
Amaranthus hybridus-Cyperus esculentus Sub-
community 
Portulaca oleracea-Bidens formqsa Variant 
Panicum maximum-Digilaria eriantha Variant 
Eragrostis tef-Enneapogon cenchroides Variant 
Spergularia media Community 
Description of communities 
1. Brachiaria serrata~Setaria sphacelata Community 
The Brachiaria serrata-Setaria sphacelata Community is 
characlerised by Species Group A (Table 3) and represen ts 
an adjacenl natural grassland , which was the type of vege-
tation that previously occurred on the area where the ash 
disposal areas are situated. Diagnostic species that repre-
sent this community include the grasses Brachiaria serrata, 
Heteropogon confortus, Setaria sphacelata va r. torta, 
Tristachya leucothrix and Elionurus muticus. The communi-
ty is also represented by a rich variety of forbs of which the 
most dominant species include Vernonia oligocephala, 
Hermannia transvaalensis, Acrotome hispida and Pentanisla 
angustifolia. The Brachiaria serrata-Setaria sphacelata 
Community shows little resemblance to plant communi ties 
on the ash disposal areas and Species Group M (Table 3) 
includes the only species occurring in both areas. 
The habitat of Ihe Brachiaria serrata-Setaria sphacelata 
Community can be described as a genUe east-facing ridge. 
The soil is shallow «500mm) to non-existent. The clay con-
tent of the soil is 18% (average). The natural grassland is 
fenced and no indication of grazing could be observed dur-
ing the study. Veld fires occur occasionally (approximately 
Morgenthal. Cllhers, Kellner, Van Hamburg and Michael 
every 2 years) in the area. During the study period Ihe area 
was burned in the winter months of 1998 and 1999. Species 
group M indicates that cons iderable changes in the species 
composition of the Brachiaria serrate-Setaria sphacelata 
Community occurred . Changes can be ascribed to a high 
percentage of dead litter mass which were present during 
the fi rst year of study. The accumulation of litter material 
resulted in moribundity and death of Themeda triandra , 
which was a common component of the vegetation at that 
time. Considerable increase of the annuals Conyza bonar-
iensis and Pseudognapha/ium undulatum followed the year 
after (Species group M, Table 3) 
The Brachiaria serrata-Setaria sphacelata Community can 
be related to the Themeda triandra-Setaria sphacelata 
Grassland described by Coetzee et al. (1995) for the Ba and 
Ib land types of the Pretoria- Witbank- Heidelberg area. 
Both commu nities also occur on shallow «500mm deep) 
loam soils (clay = 15-20%) . 
2. Eragrostis curvula~Cynodon dacty/on Community 
The Eragrostis curvula-Cynodon dactylon Communi ty is 
characterised by Species Group L (Table 3). Diagnostic 
species include the grasses Eragrostis curvula and Cynodon 
dactylon (of which both are prominent throughout Ihe com-
munity) and the forbs Cyperus esculentus and 
Chamaecrista blensis. 
The Eragrostis curvula-Cynodon dactylon Community 
occurs on all rehabil itated ash disposal sites in the study 
area. Most of the qualitative floristic studies on the ash dis-
posal sites were conducted in this community. Two sub-com-
munities, six variants and two sub-variants could be recog-
nised in this community. 
2.1. Hyparrhenia hirta~Eragrostis cUTVula Sub-community 
The Hyparrhenia hirta-Eragrostis curvufa Sub-community is 
characterised by the species from Species Group K (Table 
3) . The abundant occurrence of Hyparrhenia hirta is charac-
teristic for this sub-community. In most cases Eragrostis 
curvu/a (Species Group L, Table 3) occurs as the dominant 
grass species, together with Hyparrhenia hirta. 
The habitat of th is sub-community includes rehabi litated 
areas older than one year, together with areas with low 
anthropogenic disturbances. 
Three variants were identified in th is sub-community of the 
Eragrostis curvula-Cynodon dactylon Community. 
2.1.1. Chamaecrista biensis Variant 
No diagnostic species could be allocated to this variant but 
the absence of species in Species Groups B, D and J (Table 
3) characterises the Chamaecrista biensis Va riant. 
Domi nant species include the grasses Eragrostis chlorome~ 
las and Hyparrhenia hirta (Species Group K, Table 3), 
Cynodon dactylon , Eragrostis curvula and the forb 
Chamaecrista biensis (Species Group L, Table 3). 
The variant can be found predominantly on the plateau of 
ash disposal site 3 (Figure 1), which was rehabilitated dur-
ing 1990 and 1991 . A list of species used for rehabi litation on 
Table 3: The phytosQCiological table of plant communities on ash disposal sites at Hendrina Power Station 
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the plateau of ash disposal site 3 is given in Table 1. The 
Chamaecrista biensis Variant, however, also occurs on 
some of the slopes, especially the southern slope of ash dis-
posal site 1 (Figure 1) and the northern slopes of ash dis-
posal site 3 (Figure 1). The small mammal, Tatera brantsii 
also has a high occurrence in the area of the Chamaecrista 
biensis Variant. It's burrowing activities has lead to consid-
erable mixing of the topsoil with the ash. 
2.1.2. Lespedeza cuneata-Hyparrhenia hirta Variant 
Species Group D (Table 3) characterises this variant. The 
shrub Lespedeza cuneata and the grasses Chloris gayana 
and Eragrostis plana are the diagnostic species for the 
Lespedeza cuneata-Hyparrhenia hirta Variant. Dominant 
grasses include Hyparrhenia hirta (Species Group K, Table 
3) , Eragrostis curvula (Species Group L, Table 3) and 
Pennisetum clandestinum (Species Group J, Table 3) . 
The Lespedeza cuneata-Hyparrhenia hirta Variant is 
associated with most of the slopes rehabilitated during 1992 
and 1994. One of the major differences between the treat-
ment associated with the Chamaecrista biensis Variant and 
this variant was that in th is case Cynodon daety/on and 
Pennisetum clandestinum sods were established at 4m 
intervals to stabilise the slopes . 
Of interest is the occurrence of the legume Lespedeza 
cuneata in this variant. Lespedeza cuneata is an exotic 
species which is recommended for rehabilitation on acidic to 
neutral soils in a warm climate (Bradshaw and Chadwick 
1980). Kalburtji and Mosjidis (1992) investigated the effect of 
Lespedeza cuneata on the growth of warm season grasses. 
It was found that Lespedeza residues had a slight inhibiting 
effect on Cynodon dactylon (Bermuda grass) growth. Two 
sUb-variants can be distinguished, based on the vegetation 
structure. 
2.1.2.1 . Stylosanthes fruticosa-Cynodon dactylon Sub-
variant 
This sub-variant is the grassland varia tion of the Lespedeza 
cuneata-Hyparrhenia hirta Variant and is characterised by 
Species Group B (Table 3). The Stylosanthes fruticosa-
Cynodon dactylon Sub-variant is especially rich in herba-
ceous legumes, like Stylosanthes fruticosa, Vigna vexillata 
and Rhynchosia sp. , which are mainly diagnostic for this sub-
Variant. Other diagnostic species include the annual forbs 
Cleome monophyffa and Bidens bipinnata, and the grasses 
Pogonarthria squarrosa, Setaria paJ/ide-fusca and to a lesser 
extent Hyparrhenia tamba and Imperata cylindrica. 
2.1.2 .2. Acacia mearnsii Sub-variant 
The second sub-variant of the Lespedeza cuneata-
Hyparrhenia hirta Variant is a low semi-open woodland of 
which the exotic tree Acacia mearnsii (Species Group C, 
Table 3) is the only diagnostic species. Dominant grasses 
are Eragrostis curvula (Species Group L. Table 3) and 
Hyparrhenia hirta (Species Group K. Table 3). Cynodon 
dactylon (Species Group L. Table 3) has lower cover-abun-
dance values in the Acacia mearnsii Sub-variant than in the 
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Stylosanthes fruticosa-Cynodon dactylon Sub-variant. The 
lower cover of Cynodon daetylon in the Acacia mearnsii 
Sub-variant can be contributed to the higher crown cover of 
large tuft grass species and tree species, which resulted in 
the out competition of the stoloniferous species. 
Although Acacia meamsii is a serious invader species in 
South Africa (Henderson 1995). it is believed that the Acacia 
mearnsii Sub-variant contributes to the diversification of the 
ash disposal sites. If this sub-variant is conserved on the ash 
disposal areas, the exclusion of fire is important due to the 
weak fire perSistency of Acacia meamsii. 
This sub-variant probably originated from the presence of 
Acacia mearnsii seed in the topsoil that was used in the 
rehabilitation process. 
2.1.3. Lepidium bonariense-Eragrostis trichophora 
Variant 
Species Group E (Table 3) characterises the Lepidium 
bonariense-Eragrostis trichophora Variant which include the 
forbs Lepidium bonariense, Acanthospermum gfabratum, 
Hypochaeris radicata and Verbena bonariensis. One of the 
most conspicuous features of this variant is the dominant 
occurrence of Pennisetum clandestinum (Species Group J, 
Table 3) and the lower cover-abundance of the grass 
Hyparrhenia hirta (Species Group K. Table 3). Digitarla eri-
antha (Species group L, Table 3) is also absent in the 
Lepidium bonariense-Eragrostis trichophora Variant. Other 
dominant species are the annual forbs Conyza bonariensis 
(Species Group M, Table 3) and Tagetes minuta (Species 
Group L, Table 3) . 
The habitat of this variant is similar to the habitat of the 
Chamaecrista biensis Variant. The most important factor 
contributing to the difference between the two variants is the 
type of treatment followed during the rehabilitation process. 
The Lepidium bonariense-Eragrostis trichophora Variant 
was not revegetated with a seed mixture like the 
Chamaecrista biensis Variant, but was planted with 
Pennisetum c/andestinum and Conaderia jubata during 
1980's. During 1995 the Cortaderia-plants were removed 
due to the health risk it imposes on people (MD Michael 
pers. com.) and a layer of topsoil was added conSisting of a 
large amount of concretions (gravel). 
2.2. Amaranthus hybridus-Cyperus esculentus Sub-
community 
The Amaranthus hybridus-Cyperus esculentus Sub-commu-
nity is characterised by Species Group I (Table 3) and the 
absence or low constancy of species in Species Groups K 
and M (Table 3) in this SUb-community. The annual forbs. 
Amaranthus hybridus and Chenopodium album are diag-
nostic for this sub-community. This sub-community can be 
described as a rudera l vegetation type, which is charac-
terised by the dominance of the forbs Cyperus esculentus 
and Tagetes minuta (Species Group L. Table 3). 
The Amaranthus hybridus-Cyperus esculentus Sub-com-
munity is subdivided into three different variants. The first 
variant represents disturbed areas where domestic refuse 
was dumped, the second variant occurs along a "drainage 
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was dumped, the second variant occurs along a drainage 
line on ash disposal site 1 and the third represents newly 
rehabilitated areas. 
2.2.1. Portulaca aleracea-Bidens formosa Variant 
The Portulaca oleracea-Bidens formosa Variant is associat-
ed with species from Species Group F (Table 3). Most of the 
dominant species include the annual forbs such as Tagetes 
minuta and Bidens lormosa (Species Group L, Table 3.) . 
This variant is also characterised by a number of garden 
escapeS' for example Iris sp. and Mirabilis jalapa (Species 
Group F, Table 3). 
This variant established due to domestic refuse that was 
dumped on top of rehabilitated areas on ash disposal site 3. 
This variant occurs as small mosaics in the Chamaecrista 
biensis Variant (2.1 .1) at the Hyparmenia hirta-Eragrostis 
curvufa Sub-community. A combination of ruderal species 
such as Portulaca oleracea (Species Group F, Table 3), 
Bidens formosa, Cyperus esculentus and Tagetes min uta 
(Species Group L, Table 3); garden plants like Iris sp. 
(Species Group F, Table 3) , and perennial grasses from the 
seed mixture namely Eragrostis curvula, Cynodon dactylon 
(Species Group L, Table 3) (dominant), Eragrostis chlorome-
las and Hyparrhenia hirta (Species Group K, Table 3) can be 
found in the Portulaca oleracea-Bidens formosa Variant. 
2.2.2. Panicum maximum-Dig;taria eriantha Variant 
This variant occupies a small area in a drainage line on the 
north-eastern slope of ash disposal site 1 and is charac-
terised by Panicum maximum (Species Group G, Table 3). 
The dominant grasses are Pennisetum clandestinum 
(Species Group J, Table 3) and Digitaria eriantha (Species 
Group L, Table 3). The sedge Cyperus escu/entus (Species 
Group L, Table 3) also occurred in this variant. 
Both Panicum maximum (Species Group G, Table 3) and 
Digitaria eriantha (Species Group L, Table 3) were present 
in the original seed mixture. The contributing environmental 
factor lor the establishment of this plant community is differ-
ent from the other two variants of the Amaranthus hybridus-
Cyperus esculentus Sub-community. High moisture condi-
tions due to the collection 01 water on the plateau of ash dis-
posal site 1 can be regarded as the most important habitat 
factor. These species. especially Panicum maximum, 
require moist conditions to establish successfully on ash dis-
posal sites. 
Other areas where high moisture conditions prevail, 
species such as Pennisetum clandestinum (Species Group 
J , Table 3) is found to outcompete the surrounding vegeta-
tion to form pure stands of this grass. Other grass species 
that occur in these moist areas are Agrostis lachnantha and 
Arundo donax (not indicated in Table 3). 
2.2.3. Eragrostis tef-Enneapogon cenchroides Variant 
This variant represents newly rehabilitated areas less than 
one year old and is characterised by Species Group H 
(Table 3). Two of the diagnostic grass species, Enneapogon 
cenchroides and Eragrostis tef which are both annual pio-
Morgenlhaf, eilliers , Kellner, Van Hamburg and Michael 
neers, originated from the seed mixture used to rehabilitate 
this area. The other two diagnostic species are the annual 
grass E/eusine coracana subsp. africana and the crop plant 
Zea mays. Other speCies with high cover-abundance values 
include the sedge Cyperus esculentus (Species Group L, 
Table 3) and the annual forbs Amaranthus hybridus 
(Species Group I, Table 3), Tagetes minuta and Comme/ina 
benghalensis (Species Group L, Table 3). 
3. Spergularia media Community 
This is a species poor community consisting only of the 
perennial forb Spergu/aria media (Species Group 0, Table 
3) and the annual forb Chenopodium album (Species Group 
I, Table 3) established on non-rehabilitated ash . This com-
munity is ultimately destroyed during ;ehabilitation and is 
replaced by species found in the seed mixtures and soil 
seed bank of the topsoil, as well as species able to migrate 
from nearby vegetation. 
Ordination 
The floristic relationship between communities was investi-
gated by a stepwise ordination of results. Four ordinations 
were progressively conducted on the floristic data. Group 
numbers indicated in ordination diagrams are community 
numbers used in the text. 
The first step of ordination included a scatter diagram of all 
115 releves indicating the floristic relationship of all commu-
nities described , and illustrates the presence of three groups 
in the ordination space (Figure 3). Releves are separated in 
two groups along ordination axis 1 of Figure 3. The first 
group is compressed on the left side of ordination axis 1, and 
is characterised by sample plots located in the natural grass-
land (Brachiaria serrata-Setaria sphacelata Community (1)) 
and already rehabilitated areas (Eragrostis curvu/a-Cynodon 
dactylon Community (2)). The group at the right side of ordi-
nation axis 1 includes releves which form part of the com-
munity which developed on non-rehabilitated areas 
(Spergularia media Community (3)) . The Eragrostis curvula-
Cynodon dacty/on Community (2) (bottom of ordination axis 
2), and Brachiaria serrata-Setaria sphacelata Community (1) 
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Figure 3: DCA ordination of the first step of ordination, which 
included aU sample plots at the ash disposal sites at Hendrina 
Power Station and an adjacent natural grassland 
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(top of ordination axis 2) occur as separate groups along 
ordination axis 2 in Figure 3. The first step of ordination 
therefore clearly separates the three communities. Both 
ordination axes could be related to the quality 01 the topsoil 
to sustain vegetation, and development stage of the ecosys-
tem these communities are occupying. 
For the second ordination step it was decided to exclude 
the rei eve of the Spergularia media Community (3) from the 
analysis. Figure 4 illustrates the scatler diagram of the sec-
ond ordination step. The eigenvalue of ordination axis 1 
(0.899) still indicates great differences in the samples of the 
communities along this axis. Three groups can be identified 
along ordination axis 1. The Amaranthus hybridus-Cyperus 
esculentus Sub-community (2.2) occurring in newly rehabil-
itated areas is situated at the left of ordination axis 1 and the 
Brachiaria serrata-Setaria sphacelata Community (1) occur-
ring in the natural grassland is situated on the right side of 
ordination axis 1. The Hyparrhenia hirta-Eragrostis curvula 
Sub-community (2.1) which occur in older rehabilitated 
areas is situated in the middle between the Amaranthus 
hybridus-Cyperus esculen/us Sub-community (2.2) and the 
Brachiaria serrata-Setaria sphacelata Community (t) . 
Ordination axis 1, therefore, represents a successional gra-
dient from pioneer (left side of ordination axis 1) to hypo-
thetical climax vegetation (right side of ordination axis 1) 
(Figure 4). The community on the left side of ordination axis 
1 is characterised by species such as the grasses Eragroslis 
tet, Enneapogon cenchroides, Eleusine coracana subsp. 
alricana and the dominant occurrence of the forb Cyperus 
esculentus. The community on the right is characterised by 
the grass species Brachiarifl, serrata, Heteropogon contor-
tus, Setaria sphacelata var. torta and Tristachya leucothrix. 
The different variant and sub-variants of the Hyparrhenia 
hirta-Eragroslis curvula Sub-community (2.1) and 
Amaranthus hybridus-Cyperus esculentus Sub-community 
(2.2) could not be distinguished in the second ordination 
step (Figure 4). In the third step of ordination, all the releves 
of the Brachiaria serrata-Setaria sphacelata Community (1) 
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Figure 4: DCA ordination of the second ordination step, which indi-
cates the differences between the adjacent natural grassland (right 
side of ordination) and all rehabilitated areas (left side of ordination) 
on ash disposal sites at Hendrfna Power Station 
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were excluded (Figure 5) and only releves from the 
Eragroslis curvula-Cynodon daclylon Community (2) char-
acterising areas already rehabilitated were used. The scat-
ter diagram of Figure 5 presents a wedge patlern with a 
large amount of variation along ordination axis 2, particular-
ly the right side of ordination axis 1. Ordination axis 1 also 
shows a gradient that can be atlributed to differences in 
community development and the ecological condition of the 
rehabilitated ash disposal sites. The Amaranthus hybridus-
Cyperus esculentus Sub-community (2.2) is situated on the 
left side of ordination axis 1 and is associated with newly 
rehabilitated sites or those sites which were further dis-
turbed by the dumping of domestic waste (Figure 5). The 
Portulaca oleracea-Bidens lormosa Variant (2.2.1) of the 
Amaranthus hybridus-eyperus esculentus Sub·community 
(2.2) is particularly associated with secondary disturbances 
for example small domestic waste dumps and the Eragroslis 
tef-Enneapogon cenchroides Variant (2 .2.3) is associated 
with newly rehabilitated sites. The Hyparrhenia hirta-
Eragroslis curvula Sub-community (2.1), which represents 
old rehabilitated areas, that is of a higher rehabilitated qual-
ity (betler condition) occur at the right side of ordination axis 
1. The Hyparrhenia hirta-Eragroslis curvula Sub-community 
(2.1) is also in a more advanced stage of community devel-
opment. The quality/condition of rehabilitation in this case 
means higher cover-abundance values for perennial grass-
es and absence of annual forbs and grasses typical of pio-
neer vegetation. The gradient along ordination axis 1 may 
also therefore be considered a successional gradient from 
pioneer communities at the left to climax communiLies on the 
right. 
Variants of the Hyparrhenia hirta-Eragroslis curvula Sub-
community (2.1.1, 2.1.2 and 2.1.3) occur in close proximity 
in the ordination diagram, although the Lepidium bonar-
iense-Eragrostis trichophora variant (2.1.3) occur separate-
ly from the Chamaecrista biensis Variant (2.1.1) and 
Lespedez8 cuneata-Hyparrhenia hirta Variant (2.1.2). The 
second ordination axis also indicates that a large amount of 
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Figure 5: DCA ordination of the third ordinatKm step, which indi-
cates the differences between the vegetation of rehabilitated ash 
disposal sites at Hendrina Power Station 
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variation exists in the species composition of the variants of 
the Hyparrhenia hirta-Eragrostis curvula Sub-community 
(2.1) (Figure 5). The sUb-communities formed relatively dis-
tinctive groups, indicating that sub-communities were dis-
similar regarding their vegetation composition. 
For Ihe fourth ordination step of ordination all the releves 
representing the Amaranfhus hybridus-Cyperus esculentus 
Sub·community (2.2) is excluded, in olher words the releves 
present on the left of ordination axis 1 of Figure 5. Only the 
releves of the Hyparrhenia hirta-Eragrostis curvula Sub-
community (2.1), which represent the older rehabilitated 
srtes are used in the fourth ordination step. No distinct 
groups divide the different vegetation groups that charac-
terise older rehabilitated areas (Figure 6). The Lepidium 
bonariense-Eragrostis trichophora (2.1.3) Varianl, however, 
occurs at the bottom of ordination axis 2, and the 
Chamaecrista biensis Variant (2.1 .1) and Lespedeza cunea-
ta-Hyparrhenia hirta Variant (2.1.2) occur at the top of ordi-
nation axis 2 (Figure 6). The Chamaecrista biensis Variant 
(2.1.1) and Lespedeza cuneata-Hyparrhenia hirta Variant 
(2.1.2) grade into each olher along ordination axis 1 as was 
also indicated by the presence of many shared species 
(Species Groups J, K and L, Table 3) between these two 
variants (Figure 6) . Nearly similar eigenvalues between ordi-
nation axis 1 and 2 indicate that the same amount of varia-
tion that exist between the variants (ordination axis 2) also 
exist in the variants (ordination axis 2). The variants are, 
therefore, relalively homogenous in vegetal ion composition . 
Differentiation between variants was only possible along 
ordination axis 2 of the DCA ordination and not the first ordi-
nation axis of the fourth step. No definite environmental gra-
dients could be linked with the variations that exist along the 
two axes. Further studies are, therefore, necessary to deter-
mine the influence of environmental factors at such a small 
scale. 
Table 4 indicates that the different steps of the ordination 
are able to progressively explain the variation in the data 
because a reduction in the sum of all unconstrained eigen-
values from 11 .166 in the first ordination step to 5.610 in the 
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Figure 6: DCA ordination of the fourth ordination step, which Indi-
cates the differences between the vegetation of old rehabilitated 
areas on ash disposal sites at Hendrina Power Station 
Morgenihal, CUliers. Kellner, Van Hamburg and Michael 
fourth ordination step exists. The sum of all unconstrained 
eigenvalues of the fourth step of ordination, however, indio 
cates that a large amount of variation remains unexplained 
due to the large size of the sum of unconstrained eigenval-
ues. If the magnitude of the eigenvalues of the first two axes 
are considered then it can also be deduced that the gradi-
ents of ordination axis 1 and 2 are still of importance 
because both eigenvalues are higher than 0.3 (Ter Braak 
and Verdonschot 1995). 
Species Diversity 
Species diversity between the natural grassland areas 
(Brachiaria serrata-Setaria sphacelata Community (1 )) , the 
rehabilitated areas (Eragrostis curvula-Cynodon dactylon 
Community (2)), and the non-rehabilitated ash disposal sile 
(Spergularia media Community (3)) is clearly different. The 
Spergularia media Community (3) , on unrehabilitated areas, 
is not included in the statistical analysis because it caused a 
large amount of heteroscedasticity in the dala set. In Table 
5 the species richness, evenness and Shannon diversity 
index values are statistically compared on community, sub~ 
community and variant level. No statisLically significant 
results are found between communities, sub-communities or 
variants for evenness values, but stalistically Significant dif-
ferences in species richness and Shannon diversity index 
values are found and are, therefore, discussed further. 
Community level 
Alpha diversity at a community level is both significant for 
species richness and Shannon diversity index values (Table 
5). The average species richness and Shannon diversity 
index values are statistically significantly htgher for the 
Brachiaria serrata-Setaria sphacelata Community (1) (aver-
age species richness: 25.2; average Shannon diversity 
index: 2.2) than for the Eragrostis curvula-Cynodon dactylon 
Community (2) (average species richness: 11 .3; average 
Shannon diversity index: 1.4) (Figures 7.1 and 7.2). 
Sub·community level 
No statistically significant differences in alpha diversity exist 
between the different sub-communities (Table 5) . The 
Amaranthus hybridus-Cyperus esculentus Sub-community 
(2.2) had a slightly higher species richness (average: 13.2) 
than the Hyparrhenia hirta-Eragrostis curvula Sub-communi-
ty (2.1) (average: 11 .1). Both sub-communities had an aver-
age Shannon diversity index value of approximately 1.4 . 
Variant level 
The Eragrostis fef-Enneapogon cenchroides Variant (2.2.3) 
and Panicum maximum-Digitaria eriantha Variant (2.2.2) are 
not included in the statistical analysis, due to insumcient 
sample sizes. The ANOVA test for species richness and 
Shannon diversity index values are both stalistically signifi-
cant between variants of the Hyparrhenia hirta-Eragrostis 
curvula Sub-community (2.1) (Table 5). Comparison of the 
species richness and Shannon diversity index values of the 
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Table 4: Sum of all unconstrained eigenvalues tor the ordination ot all steps conducted 
Ordination step First ordination axis eigenvalue Second ordination axis eigenvalue Sum of all unconstra ined eigenvalues 
First 
Second 
Third 
Fourth 
0 968 
0.899 
0.631 
0 460 
0899 
0.463 
0.399 
0.403 
11 .166 
10.001 
7.334 
5.610 
Table 5: Alpha values for t-tests and ANOVA tests of Species Richness (Irans formed) and Shannon Index values on community. sub-com-
munity and variant level 
Species Richness 
tit-statistic p-value 
Community (I) 8090 0.000·· 
Sub-community (I) .1.652 0.1 03 
Varianl 18.647 0.000·· 
", ... Significance at pSO.OS, pSO, 01 levels respectively 
(\) I-statistic of student I-test for independent variables 
sis Variant (2.1.1) had a statistically significant lower species 
ri chness (average : 9.2) and Shannon diversity index valUe 
(average: 1.3) compared to the other two variants (all aver-
age species richness values> 11; Shannon divers ity index> 
1.5) (Figures 8.1 and 8.2) . 
Discussion 
The phytosociological analysis shows that the adjacent nat-
ural grassland has very little in common with respect to 
species composition wi th the rehabi litated areas. Sub-com-
munities on the ash disposal sites are related to the dynam-
ics of the rehabi li ta ted vegetation . Sub-communities there-
fore represent certain successional stages. The vegetation 
of old rehabilitated sites are homogenous in species com-
position and are dominated by grasses such as Eragrostis 
spp . (Eragrostis curvula , Eragrostis trichophora and 
Eragrostis chlorome/as), Hyparrhenia hirta and Cynodon 
dactylon. Roux (1969) indicated that Cynodon dactylon, 
Eragrostis spp. and Hyparrhenia hirta can all be related to 
succession of old fie lds . Species associated with the reha-
bilitated areas are therefore similar to vegetation found on 
abandoned old fields on the South Africa n Highveld . 
Variants of the Hyparrhenia hina-Eragrostis curvula Sub-
community (2. 1) are strongly re lated to certain treatments 
and the abi lity of species to establish themselves on a par-
ticular habitat. An example of a treatment specific vegetation 
type is the Lespedeza cuneata-Hyparrhenia hirta Variant 
(2 .1.2) which only occurs on rehabi litated slopes of ash dis-
posal areas. Many of the species occurring on this slopes 
are not common to the He ndrina area, for example 
Lespedeza cuneata and the Acacia spp. These species 
were probably brought in through the Cynodon sods collect-
ed in Natal (M.D. Michael pers. com.). The Acacia meams;; 
Woodland (2.1.2.2) one of the sub-variants of the 
Lespedeza cuneata-Hyparrhenia hirta Variant (2.1.2) can 
also be associated with the use of topsoil which contained 
seeds of th is species. Anthropogenic influences (distur-
Evenness Shannon Index 
tlf-statistic p-value tlt·statistic p-value 
1037 0.303 4.015 0.000·· 
0.564 0.575 -0.190 0.8497 
1.589 0.212 7.019 0.002·· 
bance and age after commencement of rehabilita tion) could 
be regarded as the most important distinguishing factors 
between sub-communities of rehabil itated areas. 
The phytosociological study indicates that permanent sur-
vey grids occur mostly in the variants of the Hyparrhenia 
hirta-Eragroslis curvula Sub-community (2 .1). Permanent 
grids can be group into three homogeneous groups. The ash 
disposal plateau, which was seeded , belonged to the 
Chamaecrista Variant (2.1.1) . Areas on all the slopes of ash 
disposal site 1 and 3 are related to the Vigna vexillata-
Cynodon dactylon Sub-variant (2.1.2). The plateau of ash 
disposal area 1, which was not seeded , is associated with 
the Lepidium bonariensis-Eragrosfis trichophora Variant 
(2. 1.3). The rehabilitated slopes on ash disposal area 4 dif-
fer in vegetation type due to differences in rehabilitation age, 
which changed from the Eragrostis tef-Enneapogon 
cenchroides Variant (2.2 .3) (Amaranthus hybridus-Cyperus 
esculentus Sub-community (2.2)) to the Lespedeza cunea-
ta-Hyparrhenia hirta Variant (2. 1.2) of the Hyparrhenia hirta-
Eragrostis curvula Sub-community (2.1). The vegetation 
structure was related to the rehabi litation effort and posit ion 
on the ash disposal sites on a variant level. 
Vegetation classification of rehabili tated sites (variant 
level) is difficult due to their artificial nature and the homog-
enous occurrence of dominant species. Mosaics in the veg-
etation, which are difficult to interpret , also occur in places. 
The ecological interpretation of results is also difficult as was 
indicated in Figure 6. A definite gradient exists along ordina-
tion axis 1, but no environmental effect could be found to 
explain the gradient (Figure 6). 
Analysis of the species richness indicated that alpha 
diversity is sl ightly higher in the Amaranthus hybridus-
Cyperus esculentus Sub-community (2.2), which is more 
ruderal than the older rehabil itated Hyparrhenia hirta-
Eragrostis curvula Sub-community (2.1). The Brachiaria ser-
rata -Setaria sphacelata Community (1) has a much higher 
(and also statistically significant) alpha diversi ty than the 
Eragrostis curvula-Cynodon dactylon Community (2). It is, 
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Figure 7: Differences in the species richness (a) and Shannon 
index values (b) between the Brachiaria serrata~Setaria sphacefata 
Community (1) and the Eragrostis cUNula-Cynodon dactylon 
Community (2) at Hendrina Power Station 
Eragrostis cUNula-Cynodon dactylon Community (2). It is, 
however, difficult to directly relate diversity to ecological sta-
bility (Kent and Coker 1994) because ecological stability is 
ultimately dependent on environmental stability (Kent and 
Coker 1994). Species richness is more significant than 
Shannon Index values. 
A phytosociological approach proves to be a useful basis 
to describe the overall vegetation of the ash disposal sites. 
This study indicated that the homogeneity of the vegetation 
could be established from such surveys, which is quick and 
gives a total floristic assessment. It remains however nec-
essary for further studies to quantitatively detenmine com-
munity change and factors that are responsible for such 
changes. Our studies indicated that four homogenous areas 
could be distinguished although only one (Lepidium bonar-
iense-Eragrostis trichophora Variant (2.3)) showed to be a 
separate group in the fourth ordination step. These four 
homogenous areas can be used to detenmine how many 
quantitative survey plots must be used and where they must 
be situated. Although the phytosociological study is subjec-
tive it can be used efficiently to indicate locations for objec-
tive surveys. 
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Figure 8: Differences in the species richness (a) and Shannon 
index values (b) between the varian ts of the Hypa"henia hirta· 
Eragrostis curvula Sub--community (2 .1 ) on ash disposal siles at 
Hendrina Power Station 
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